Thermochemical materials (TCM) can be used for seasonal heat storage, storing high amounts 14 of thermal energy coming from the sun in summer and releasing it in winter, when heating for 15 houses is needed. One promising TCM for building comfort applications is the Na 2 S/water pair 16 due to its high energy density and appropriate reaction temperature that can be achieved by a 17 solar collector. Nonetheless, Na 2 S reacts with oxygen and is corrosive to metals, especially with 18 those used to build up heat exchangers or reactors that contain the TCM. Therefore, corrosion 19 tests in a self-developed experimental setup under vacuum conditions, 13 mbar, between 20 Na 2 S·9H 2 O/5H 2 O and two reactor metals: copper and stainless steel 316 have been performed.
Introduction 32
Thermal energy storage (TES) is extremely necessary to match the energy available 33 and the demand. This could lead to thermally independent houses, which would have a 34 positive effect in reducing the global CO 2 emissions. The research in this field is mainly 35 focused on the storage medium and how to implement it in the most efficient way. 36
Several storage materials have been studied, based on different concepts. Sensible, 37 phase change and thermochemical materials are being used to fulfil energy storage 38 requirements depending on the application [1, 2] . 39
In this paper the focus is on thermochemical materials (TCM) which undergo a 40 chemical reversible reaction to store and release energy. TCM is an emerging energy 41 storage media with the potential for high-density leading to compact thermal energy 42 storage systems [3] and for high energy efficient systems for energy conversion [4] . 43
Moreover, those materials present a huge advantage which remains in almost zero 44 thermal losses to the ambient, since the energy is stored in the form of chemical bonds. 45
Therefore, TCM are suitable for seasonal storage, meaning to provide heat in winter 46 that has been charged in summer. On the other hand, one of the major drawbacks of 47 TCM is that they are corrosive to the reactor/heat exchanger material, usually metal 48
based. 49
Corrosion causes big investment costs, results of one study show that the total annual 50 estimated direct cost of corrosion in the U.S. is a staggering $276 billion, approximately 51 3.1% of the nation's Gross Domestic Product (GDP) [5] . Hence, corrosion tests should 52 be performed before to ensure long term performance of the equipment containing 53 TCM [6, 7] . 54
In a previous study [7] results coming from an experimental corrosion test simulating an 55 open TCM reactor between several TCM and common vessel metals were published. 56 TCM reactors can be open or closed, integrated or non-integrated [8] . Open reactors 57 take the water vapour from the atmospheric air while closed reactors imply that water 58 circulates in a closed loop and is taken from an evaporator and released to a 59 condenser. The later ones can operate under lower or vacuum pressures or inert 60
atmospheres. 61
Some of the most studied TCM work better under low pressures [9] need of more research in order to overcome TCM issues like corrosion, compaction, 77 stability, etc. to promote this technology towards market availability. The contribution of 78 the present study is essential for the design of a reactor/heat exchanger where a TCM 79 reaction for building applications takes place. Although it has been focused on a 80 specific working pair, the designed methodology and setup address a specific step in 81 the reactor design procedure when selecting metals to work in contact with TCM. 82 83
Setup and methodology 84

Setup 85
The present setup is designed and built to perform corrosion tests simulating closed 86 and integrated TCM reactors. Glass has been selected for being an inert material able 87 to stand high temperatures, low pressures, and allowing direct visual inspection. The 88 design was thought to obtain a versatile, multifunctional device which can operate 89 under a wide range of pressures, temperatures, and different atmospheres, therefore 90 several TCM. 91
A general view of the setup is shown in Figure 1 . It consists of a 5 L glass jacketed 92 reactor, connected to a heating unit (thermostatic water bath), an evaporator (round-93 bottom flask), and a vacuum pump from Vacuubrand PC 600 series. Tubing from the 94 reactor to the vacuum pump is polyamide based connected with common clamps. The 95
reactor contains one open 300 ml vessel to place the TCM and the specimens to be 96 tested (see Figure 2) . One temperature sensor is giving the TCM temperature, and 97 another is placed in the atmosphere. Relative humidity (RH) is also measured on-line under the specified operating conditions determined by the TCM selected, is performed 128 for a week. Before vacuum the reactor, nitrogen gas flows through it to make sure there 129 is no oxygen inside. Finally, the heating unit is connected and set to the established set 130
point. 131
After the corrosion test, the three specimens are visually inspected, weighted in the 132 same balance and observed in the appropriate microscope. Corrosion processes that 133 go further than the surface level can be identified by both microscopes. Therefore, 134 vessel materials that are not appropriate can be identified. Also, TCM characterization 135 after corrosion tests should be performed (i.e. XRD) to identify the reaction process of 136 the TCM and other possible chemicals. 137
On the other hand, previous tests were performed to ensure vacuum tightness in the 138 reactor and to check the start-up of the reactor as well as to conduct it to established 139 steady state conditions. Then, tests with only TCM have to be conducted to see the 140 behaviour of the TCM without possible products from corrosion reaction. 141
The methodology to evaluate corrosion is based on ASTM G1. Corrosion rates are 142 obtained using equation 1 for single metals since ASTM G1 is not adapted to coated 143 metals. Mass loss corresponds to the decrease in mass between before and after (after 144 chemical cleaning, see ASTM G1) the corrosion test. TCM presents a net energy storage value (see Table 1 Corrosion can be prevented by coating the metal in contact as it is done in this work. 160
Furthermore, an inert atmosphere or vacuum is needed to prevent sulphites formation 161 and this is why the experimental setup is designed to work under vacuum conditions. 162
The purchased sodium sulphide nonahydrate (Na 2 S·9H 2 O) is manufactured by Alfa 163 Aesar with 98.0 % purity. Properties associated to the chosen TCM reaction are shown 164 in Table 1 . 165
The reaction from nonahydate to pentahydrate accomplishes the requirement for 166 building applications, a reaction temperature below 100-150 ºC achievable by solar 167 collectors and promising net enthalpy values, as shown in Table 1 . 168 169 The reactor operating conditions, which are given by the TCM reaction itself [20] , are 173 shown in Table 2 
179
Water vapour pressure (mbar) 13
Reactor temperature (ºC) 32.5 (dehydration)
Evaporator temperature (ºC) 10 180
Metals and coated metals 181 182
The absorption and release of energy coming from the TCM reaction takes place in 183 reactors. Therefore, heat transfer is needed to be promoted from the TCM to the heat 184 transfer fluid, usually water for building applications. In that sense prototypes are being 185 made of high conductivity metals, such as: copper, aluminium, or even stainless steel 186
187
It is known that there are several materials to be avoided in contact with Na 2 S: acids, 188 oxidizing agents, water/moisture, aluminium/aluminium alloys, copper and air [22] . and polyvinylidene fluoride (PVDF) [23] . These coatings can be applied with 200 electrostatic powder coating or with spray coating in the slurry formulation which have 201 been described by Choy [24] .
Results and discussion 213
Obtained results from the corrosion test performed to the abovementioned specimen 214 are gathered and shown by, first, single metal specimen which are copper and 215 stainless steel 316, and secondly, by the coated specimen. 216 217
Metal specimen 218
A) Copper 219
Corrosion signs were clearly observed in copper specimens, as it can be seen in 220 Here, the aim is to corroborate that the reaction from the nonahydrate to the 368 penthydrate has taken place when performing the vacuum tests. This would imply the 369 appearance of the pentahydrate characteristic peaks in the XRD results. 370
The XRD spectrum shows that there are three main crystalline substances in this 371 sample: Na 2 S·5H 2 O, Na 2 S·9H 2 O and Na 2 SO 3 . Na 2 SO 3 appears in the composition due 372 to the atmosphere contact during the sample preparation and extraction in the 373 corrosion reactors. 374 375
Conclusions 376
A setup composed by a 5 L glass jacketed reactor, evaporator, and a vacuum pump 377 has been developed at lab scale to test corrosion of thermochemical materials under 378 different atmospheres and a wide range of pressure and temperature. A new 379 methodology to perform these tests has been designed, explained in detailed, tested 380 and validated. 381
One TCM pair, Na 2 S/H 2 O, has been selected to perform vacuum corrosion tests at 13 382 mbar and 32.5 ºC when in contact with commonly used metals and coated metals used 383 to build up thermochemical reactors. 384
From the screening corrosion vacuum tests performed with the TCM reaction from the 385 nonahydrate to the pentahydrate sodium sulphide it can be concluded that copper is 386 not recommended to contain Na 2 S/H 2 O, neither in open nor in close configurations, 387 besides that in closed and vacuum corrosion rate value is reduced by 30 times. In the 388 case of stainless steel 316 results show that is recommended for long term service. 389
Two coatings have been tested when applied onto copper and aluminium, two metals 390 highly used for the manufacturing of TCM heat exchangers. Halar coating results make 391 it a potential candidate to be selected to protect heat exchangers/reactor that may 392 contain Na 2 S/H 2 O pair for thermochemical energy storage. Electroless nickel shows no 393 corrosion when observing SEM images, but it is visually damaged at surface level after 394 the corrosion test. When a finishing spray is applied it improves the material resistance 395 against corrosion. 396
Moreover, further tests are suggested to carry out to ensure that the materials which do 397 not present corrosion can resist for longer periods. Also, heat transfer coefficient 398 should be measured with the selected metal or coated metal to ensure that heat 399 transfer is not the limiting step in the reactor. 400
